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Greece is a country rich in renewable energy sources yet also a country in which the building sector is relatively energy-intensive. In
October 2010 the EU Directive on the Energy Performance of Buildings was incorporated into Greek law. At the same time other
legislative and administrative measures, as well as ﬁnancial incentives, were implemented to improve the energy performance of buildings
in Greece. Some of these measures were intended to increase the number of renewable energy applications in buildings and to improve
the ways in which the country’s favourable climatic conditions are exploited. This package of measures and regulations has had a
catalytic eﬀect on the whole of the country’s building production and management system. Based on the ﬁrst indications of the eﬀects
of the implementation of the new legislation, this study attempts to evaluate the impact that the latter has had on the progress of
renewable energy applications in buildings in Greece.
 2015 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V. All rights reserved.
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In Greece, the country’s geophysical features and
diverse climatic conditions satisfy the preconditions for
all renewable energy applications. Its geographical position
(latitude 38 N) guarantees extended periods of sunshine
and high rates of solar radiation, oﬀering great potential
for the utilisation of solar energy. Additionally, the coexis-
tence of mainland and island land masses creates natural
paths for the movement of large air masses, forming ahttp://dx.doi.org/10.1016/j.ijsbe.2015.06.001
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and Development.remarkable potential for wind energy, mainly over coastal
areas. Finally, the widespread presence of small rivers as a
result of the country’s mountainous topography allows
exploitation of hydro energy sources.
In this favourable context, the share of renewable energy
sources (RES) in the national energy balance is approxi-
mately 26.7%, at the level of total domestic production of
primary energy (Eurostat, 2015a). The primary production
of renewable energies increased from 64,401 TJ in 2003 to
104,112 TJ in 2013 (i.e. an increase of approx. 61.7%),
where biomass accounted for the largest proportion
(43.1%), followed by hydropower (21.9%), solar energy
(20.1%), wind energy (14.3%) and geothermal energyduction and hosting by Elsevier B.V. All rights reserved.
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statistics are available, the total amount of generated
hydropower, wind and photovoltaic energy in Greece was
used for electricity production. The remaining ﬁnally con-
sumed energy generated by renewables and waste
accounted for 52,236 TJ. Approximately 78.1% of this
amount (i.e. 40,774 TJ) was directed to the building sector,
with biomass representing the largest percentage of this
total (32,744 TJ), followed by solar thermal energy (7788
TJ) and geothermal energy (242 TJ). RES in Greece
account for 18.6% of the ﬁnal energy consumption in the
building sector, while the corresponding percentage in
the EU countries as a whole is 10.4%. At the same time,
the Greek building sector appears to be rather
energy-intensive since in 2013 it consumed 36.4% of the
total energy consumptions in the country (Eurostat,
2015a).
In October 2010, Greece, in accordance with European
legislation, adopted a number of provisions which mainly
addressed the issue of energy eﬃciency in buildings. Apart
from these, a number of national programmes were imple-
mented whose primary aim was to promote energy eﬃ-
ciency through the use of RES in public or private
buildings but which also provided funding for RD & D
activities (Papamanolis and Mandalaki, 2011). At about
the same time Greece entered a deep economic recession
that had a negative impact on almost all sectors of the
economy and on the building construction sector in partic-
ular. It is characteristic that, according to data provided by
the Hellenic Statistical Authority, the volume of new build-
ings fell from 102.2 million m3 in 2005, the year in which
the greatest amount of building activity took place, to
12.2 million m3 in 2013, i.e. it registered an 88.0% decrease
in ﬁve years. This sharp decline also continued in 2014,
since, the total amount of building activity in 2014 regis-
tered an 18.3% decrease in the number of new building
licences issued, a 14.8% decrease in surface area and an
8.9% decrease in the volume of new buildings, in compar-
ison with 2013 (ELSTAT, 2015).
These facts have had a considerable impact on the whole
of the building production and management system in
Greece, with the result that the design, construction and
exploitation of buildings are now markedly diﬀerent to
what they were a few years ago. From the wide range of
consequences that the new legislation on the energy perfor-
mance of buildings and the circumstances that have pre-
vailed in the country during the last few years have had
in Greece, this study attempts to single out and examine
those that relate to renewable energy applications in build-
ings. Given that these applications acquire greater value in
countries with rich sources of renewable energy like
Greece, the study, on the basis of the ﬁrst indications of
the eﬀects of the implementation of the measures men-
tioned above, attempts to determine whether these mea-
sures are in the right direction and to highlight ways in
which they might be improved.2. The new legislative framework for decreasing energy
consumption in buildings in Greece
Greece incorporated the EU Directive 2002/91/EC on
the Energy Performance of Buildings (European
Parliament and Council, 2003), through Law 3661/2008,
“Directions for reducing energy consumption in buildings
and other regulations” (Hellenic Gov., 2008). For its imple-
mentation, the Joint Ministerial Decision D6/B/5825/2010,
“Endorsement of Energy Performance Buildings Regula-
tion” was issued in April 2010 and it has been in force since
1 October 2010 (Hellenic Gov., 2010).
With the publication of the “Energy Performance Build-
ings Regulation” (abbreviated from its initial letters in
Greek as KENAK), sustainable design and construction
has been formally introduced into Greece. This has been
done in order to improve the energy eﬃciency of all build-
ings, their energy savings and to protect and preserve the
natural environment. The principal provisions of this leg-
islative framework determine:
– the calculation methodology for the energy performance
of buildings;
– the content of building energy performance studies;
– speciﬁcations for sustainable architectural design and
the thermal properties of the structural elements in the
building envelope;
– the minimum energy performance requirements and the
classiﬁcation of buildings according to their energy
performance;
– the energy inspection procedure;
– the format and content of building energy performance
certiﬁcates.
Energy performance studies for new buildings and the
inspection of energy eﬃciency in existing buildings are
based on a speciﬁc methodology consisting of two main
steps:
(a) The implementation of required standards for the
building under examination in terms of its design,
the thermophysical characteristics of its envelope
and the technical characteristics of its systems (heat-
ing, cooling, ventilation, hot water, lighting and com-
binations of these).
(b) The comparison of the building under examination
with a reference building, i.e. a model building with
the same geometrical characteristics, the same site
position and orientation, and the same use and oper-
ating characteristics as the building under examina-
tion. The reference building fulﬁls the minimum
energy requirements and has speciﬁc technical char-
acteristics and systems that meet certain speciﬁca-
tions laid down by the legislation. An indication of
the energy performance of the building under exami-
nation is the ratio of its total primary energy
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the reference building. This ratio, in accordance with
the climatic zone to which the building belongs
(Fig. 1), places the building under examination in
one out of nine energy performance categories (from
A+, the highest, to H, the lowest).
The energy performance category, together with data on
the energy consumptions of the building to which it relates,
are stated in the building energy performance certiﬁcate.
The results of the report of the energy eﬃciency inspector
are also included in the information recorded on the build-
ing energy performance certiﬁcate together with recom-
mendations for improvements in the energy eﬃciency of
the building concerned, and these are stated in such a
way that users can compare and assess the energy con-
sumption of their building and recognise any opportunities
for improving its energy eﬃciency. The Certiﬁcate is
mandatory for all new buildings or buildings that are being
renovated. It is also necessary for buildings that are about
to be rented or sold and for all public buildings. The Cer-
tiﬁcate is valid for ten years.Fig. 1. Climatic zones in GreeThis particular legislative framework replaced the earlier
one of 1979 concerning the energy and environmental per-
formance of buildings, which was primarily based on a
study of thermal insulation and its compliance with rele-
vant directives of a rather general nature (Hellenic Gov.,
1979).
In February 2013, EU Directive 2010/31/EU, was incor-
porated into Greek national law (European Parliament and
Council, 2010). This new directive revises and improves the
previous one on building energy performance by clarifying
and simplifying certain provisions, extending the scope of
the directive, making some provisions more eﬀective and
providing for the leading role of the public sector. More-
over, the new European directive requires member states
to ensure that by 2020 all new buildings will be so-called
‘nearly zero-energy buildings’.
Since the beginning of 2011 the new legislation has been
combined with a package of actions which, through a series
of measures and incentives, have aimed to improve the
energy performance of buildings in the country and to sup-
port the eﬀort to achieve a 20% energy saving by 2020, as
measured against the indicative trajectory deﬁned in Annexce, according to KENAK.
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Parliament and Council, 2009). Among these actions, the
“Energy Eﬃciency of Household Buildings” programme
includes a set of ﬁnancial incentives for the implementation
of energy-eﬃciency upgrading interventions in residential
buildings through (a) replacement of doors/windows
(frames/glazing) and installation of shading systems; (b)
installation of heat insulation on the building shell, includ-
ing the terrace/roof and open-sided ground-ﬂoor parking
areas, and (c) upgrading of the heating and hot water sup-
ply systems (HME, 2010). By the end of 2013 over 40,000
households had been placed under the programme at a
total funding cost of over €400 million (HME, 2013). Also,
within the same framework, it is worth mentioning (1) the
programme “Building the Future (2011–2020)”, which
aims at reducing total building energy consumption and
increasing the level of environmental protection by using
ﬁnancial instruments and market mechanisms, such as
Energy Performance Contracts, Industrial and Commercial
Voluntary Agreements, Energy Service Companies and
White Certiﬁcates (HME, 2012) and (2) the programme
“Green Tourism”, which provides subsidies for energy eﬃ-
ciency and environmental protection and awareness for
investments in buildings in the tourist sector (hotels,
accommodation units and complexes) (HMCS, 2010).
Under these arrangements, a strong endowment is being
provided to apply renewable energy sources and exploit the
climatic conditions in buildings. The contribution of these
arrangements is both direct, through the speciﬁc require-
ments they introduce (e.g. the obligation that passive solar
systems, as well as heating/cooling/electricity production
systems utilising RES and Combined Heat and Power,
must be incorporated in the heating/cooling speciﬁcation
study submitted in the building licensing procedure), and
indirect, through the increased standards for energy perfor-
mance that they prescribe and the recommendations that
are being provided for improving the energy performance
of audited buildings (Papamanolis and Tsitoura, 2013).
By January 2014, three years after the institution had
ﬁrst come into force, about 509,000 buildings had been
tested through the energy inspection system. Of these, a
small percentage – just 1.6% (or 8309 buildings) – consists
of newly-constructed buildings for which energy studies
have been carried out in accordance with the new legisla-
tion (HME, 2014). Consequently, the vast majority of the
buildings in Greece have been designed and constructedTable 1
The average consumptions of buildings inspected under the new legislative fra
zones (kWh/m2/yr) (HME, 2014).
Climatic
zone
Detached
houses
Multi-storey apartment
buildings
Oﬃces S
A 266.44 194.92 314.41 4
B 335.74 219.45 334.46 4
C 449.50 288.27 332.36 4
D 488.62 325.80 336.52 4in accordance with older speciﬁcations. The inspections
that have so far been carried out on such buildings have
shown them to have low energy performance levels
(Table 1). To be more speciﬁc, over one quarter of the
buildings that have been inspected have been found to
belong to the worst energy performance category (i.e. Cat-
egory H), while the proportion of buildings constructed
before 1980 that are in this category is nearly 40%.
3. Renewable energy in the building sector in Greece during
the period 2003–2013
The bar chart in Fig. 2 shows the ﬂuctuating shares of
each renewable energy source in the ﬁnal energy consump-
tion of the Greek building sector during the decade
2003–2013 (Eurostat, 2015b). The chart includes the
amounts of electrical energy generated by rooftop solar
photovoltaics since the latter represent an application in
buildings where, in the majority of cases, the electrical
energy is also directly consumed by the buildings them-
selves. In addition, the geothermal energy category also
includes the output of the ground source heat pumps,
which, as systems that transfer heat to or from the ground,
directly contribute to fulﬁlling the heating or cooling needs
of the buildings in which they are installed (Andritsos et al.,
2015).
Of the four forms of RES that appear in this chart, bio-
mass and solar thermal could be considered as traditional
since they have contributed to the energy consumptions
of buildings in Greece for several decades. The other two
– i.e. geothermal and solar photovoltaic – are the most
recent energy forms, with data on their shares of the energy
consumptions of buildings having been recorded only since
2004.
The total share of the above RES in the energy balance
of buildings in Greece increased from 33,654 TJ in 2003 to
45,950 TJ in 2013 (i.e. an increase of 36.5%), while each
individual form of RES also displayed an upward tendency
over the same period. More speciﬁcally, of the traditional
forms of RES, biomass increased from 29,535 TJ in 2003
to 35,455 TJ in 2013 (i.e. an increase of 20.0%) and solar
thermal energy increased from 4119 TJ in 2003 to 7778
TJ in 2013 (i.e. an increase of 88.8%). Biomass clearly
has the largest share in the consumption of renewable
energy in buildings in Greece. Solar thermal energy comes
second throughout the decade. The last two positions in themework for the energy performance of buildings in Greece’s four climatic
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Secondary school
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Fig. 2. Evolution of the annual ﬁnal energy consumption from renewable
sources in the building sector in Greece in the period 2003–2013.
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Fig. 3. Evolution in the total annual installed power of solar systems in
Greek buildings in the period 2003–2013. Units represent Solar Thermal
Capacity (MWth) in the case of solar collectors and Nominal Power
(MWp) in the case of photovoltaics.
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solar pv registering a large increase in the last two years of
the decade (2012 and 2013) and clearly overtaking geother-
mal energy.
The overall upward tendency of renewable energy appli-
cations over the decade 2003–2013 displays two peaks. The
ﬁrst peak occurred in 2007 and was followed by a decline
until 2009, which marked the beginning of another steady
increase until 2012. 2012 was the year that recorded the
highest ﬁnal energy consumption from RES in the building
sector in Greece (50,766 TJ), while the following year
(2013) registered a 9.5% decrease (45,950 TJ). Any investi-
gation of the factors that brought about this ﬂuctuation
would do well to focus on each form of RES separately.3.1. Solar energy applications
The application of solar systems in Greece began in the
mid-1970s with solar water heaters (EBHE – the Greek
Solar Industry Association – was created in 1978). Since
then, the production of solar water heaters has increased
continuously up until 2008, when 300,000 m2 of glazed
solar collectors were produced. Following a decrease in
2009 (with 206,000 m2 of new collectors), the market, since
then, grew steadily until 2012 when solar collector produc-
tion reached 243,000 m2 in terms of total collector area. In
2013, solar collector production reached 227,150 m2 in
terms of total collector area (226,700 m2 ﬂat plate type
and 450 m2 vacuum type) or 159 MWth thermal capacity,
achieving a decrease of 6.5% over the previous year
(ESTIF, 2014) (Fig. 3).
In 2013, Greece, with a total installed solar collector sur-
face area of 4,178,350 m2 or 2925 MWth cumulative
installed capacity in operation, ranked second after Ger-
many in the relative rankings of the EU countries, and
third, after Cyprus and Austria, in terms of the per capita
installed solar thermal capacity (264.4 kWth per 1000 cap-
ita) (ESTIF, 2014). On the basis of these ﬁgures, Greece
holds a signiﬁcant percentage of the total solar thermalcapacity in operation in the EU (9.9%). Hellenic Statistical
Authority research showed that 37. 6% of households in
the country have a solar water heater (ELSTAT, 2013).
Solar water heating systems for domestic use are typically
small units of the closed-circuit type, with an average col-
lector surface of 2.3–2.5 m2 and a storage tank capacity
of 100–200 l, which serves the hot water needs for showers,
laundry, washing etc. of a single family (Balaras et al.,
2013). A considerable proportion of these units (approx.
30%) is equipped with an additional heat exchanger con-
nected with the fuel or gas central heating system, which
is the most common type of heating system in Greek build-
ings (Giakoumi, 2009). A typical solar water heater for
domestic use in Greece produces 840–1.080 kWh/yr. These
systems are ﬁtted onto the terraces of buildings, even
multi-storey apartment buildings, by means of metal sup-
porting structures, which ensure the proper inclination
and orientation of the collector. In rare cases such metal
supporting structures may be found adapted to sloping
roofs. Even more rarely, solar collectors may be found inte-
grated into the aesthetic of a building or installed at a dis-
tance from the building (Papamanolis, 2015).
In the last few years, the considerable decline in the con-
struction of new buildings in Greece as a result of the eco-
nomic crisis has had a negative impact on the solar thermal
collector market. At the same time, however, there has
been a swing in favour of the installation of new solar ther-
mal collectors to replace electric and oil heating systems, as
a more economical solution.
The growth rate of photovoltaic systems in Greece
remained low until 2009. In that year, according to the Hel-
lenic Association of Photovoltaic Companies, the total
installed power amounted to 46.1 MWp (HELAPCO,
2014a). Since then, however, the growth rate has increased
signiﬁcantly. In 2013, the installation of new photovoltaics
reached 1043 MWp and the cumulative capacity reached
2579 MWp, thus surpassing the national target set for
2020, seven years earlier than projected (European
Parliament and Council, 2009). As a result of this
increase, in 2013, Greece, with 229 Wp/habitant of installed
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tries, behind Germany (436 Wp/habitant), Italy (294 Wp/
habitant), and Belgium (268 Wp/habitant) (EPIA, 2014).
In that year the amount of electrical energy generated by
photovoltaic systems reached 12.3 PJ, accounting for
6.73% of the total amount of electrical energy produced
in the country (HOEM, 2014). Of the total installed photo-
voltaic power in the country, 14.5% (i.e. 372.7 MWp) cor-
responds to systems smaller than 10 kWp installed on the
roofs of residential buildings or the oﬃce buildings of small
enterprises. The number of new rooftop photovoltaic sys-
tems installed in 2013 amounted to an equivalent of
74.9 MWp, registering a signiﬁcant slowdown in their
annual growth rate. It is characteristic that the correspond-
ing totals for 2012 and 2011 were 195.4 MWp and 95.0
MWp, respectively (HELAPCO, 2014a) (Fig. 3). This
development is, in a way, a result of the signiﬁcant increase
that occurred in previous years. The generous incentives
that were introduced by the State in 2009 for residential
applications (Karteris and Papadopoulos, 2012), have
had a greater impact than expected. Consequently, relevant
measures have been weakened. The incentives for investing
in photovoltaic systems, mainly through feed-in tariﬀs,
have diminished to the extent that such investment is
now considered to be unproﬁtable. It is characteristic that
the tariﬀs for new installations of rooftop systems fell from
550 €/MWh in 2009 (the highest in Europe at that time) to
120 €/MWh in July 2014 (HELAPCO, 2014b). Indeed, in
the summer of 2012 the relevant authority imposed restric-
tions on the number of new licences granted for photo-
voltaic systems in buildings. In November 2013, with
Law 4203 net-metering was established in Greece, i.e. the
oﬀset of the in situ generated and consumed electricity by
RES (Hellenic Gov., 2013). Although this measure raised
hopes of a revival in Greece’s photovoltaic market, so far
there does not appear to be any evidence that this has hap-
pened (HELAPCO, 2015).
In Greek buildings, photovoltaic panels are found
almost exclusively on terrace roofs, installed in rows on
metal frames, facing south and inclined at an angle of
25–30, depending on the latitude. They occur mainly onFig. 4. Photograph showing an array of 15 kWp photovoltaic panels (and
two solar thermal collectors) on the terrace roof of a building in Attica.detached houses and small apartment buildings, where
the terrace roof is large enough to cover the needs of the
residents (Fig. 4). The majority of the photovoltaic panels
constitute new installations on existing buildings, and have
been installed with the aim of reducing the energy costs of
the buildings they stand on. On multi-storey apartment
buildings the installation of such panels is diﬃcult owing
to the generally small size of the terrace roofs and, above
all, to the proprietary and administrative problems that
arise. Furthermore, problems arise from the shadings of
the neighbouring buildings, especially if they are higher
than the building in which the installation is made, as well
as by other constructions and installations on the same
rooftop, such as, the raise of the staircase and the elevator
shaft, parapets, chimneys, ventilation ducts etc. (Loulas
et al., 2012).
3.2. Geothermal energy applications
Despite the high available potential, applications of
geothermal energy in Greece are limited. The installed
capacity of direct uses at the end of 2013 was estimated
to be approx. 220 MWth, showing a signiﬁcant increase
over the previous few years which, however, is almost
exclusively attributed to the growth of the ground source
heat pump sector. Currently, no geothermal electricity is
produced in Greece, despite the fact that a pilot 2 MWe
power plant was built and operated for about two years
in the 1980s on Milos Island (Mendrinos et al., 2010).
The applications for the direct exploitation of geothermal
ﬁelds in Greece are primarily related to agriculture (green-
house heating, agricultural drying, ﬁsh farming) and con-
cern low-enthalpy sources (Lambrakis et al., 2014).
Applications for the direct exploitation of geothermal ﬁelds
to serve the needs of the building sector were oﬃcially
recorded for the ﬁrst time in 2004, and since then have
remained rather static with annual energy use in the order
of 250 TJ. On the other hand, although ground source heat
pump applications began in the late 1990s, their broader
use also started in 2004, since when they have registered
a remarkable increase (Fig. 5).0
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Fig. 5. Evolution of the geothermal energy consumption in the building
sector in Greece in the period 2003–2013.
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direct heat uses in the Greek building sector was estimated
to be approx. 179.7 MWth, while the annual energy use
was estimated to be 925.8 TJ (Andritsos et al., 2015). Of
this amount, the greatest proportion, approx. 70.0% (or
648.0 TJ/yr), corresponds to ground source heat pumps
(GSHP). Approximately 28.1% (or 240.0 TJ/yr) corre-
sponds to the direct use of geothermal energy in balneology
and pool heating applications, while the rest, only 1.9% (or
17.8 TJ/yr), corresponds to individual space heating
applications.
The use of low-enthalpy geothermal waters for space
heating is practiced only in a few cases, which include
two spa buildings (one at Traianopolis, in Thrace, with a
ﬂoor area of 1500 m2, and the other at Nea Apollonia, near
Thessaloniki, with a ﬂoor area of over 4000 m2), one hotel
on the island of Milos (which, however, is closed in the
winter), several individual houses in Macedonia and
Thrace and one small school building in Thrace. It is also
worth noting that the ﬁrst pilot district heating scheme in
Greece (the “Thermopolis” project) has been completed
at Polichnitos on Lesvos, although it is currently out of
operation due to the failure of the submergible pump. This
system will provide heating to ﬁve public and municipal
buildings. The water temperature is 88 C and a titanium
heat exchanger is employed to isolate the recirculation
water due to its high salinity.
The use of GSHP systems in Greece is not as widespread
as in some other countries, especially in Central and North-
ern Europe. The exact total number of such units presently
installed in the country is not known, but is estimated to
exceed 1000 with an installed capacity of over 130 MWth
(Andritsos et al., 2015). This means that, with a mean
COP of 3.5 and for a heating equivalent load of
1800 h/yr, the thermal energy used for the estimated
installed capacity in the country is about 640 TJ/yr. About
61% of the recorded installed capacity relates to open-loop
systems that use groundwater (Fig. 6), brackish water orFig. 6. Schematic diagram of an open-loop GSHP. Groundwater is
abstracted from the ground, passed through a heat pump before being re-
injected back into the ground or discharged at the surface.sea water – approx. 30% represents closed vertical systems
and the remaining 9% closed horizontal systems. The
respective applications, with very few exceptions, cover
the heating needs of buildings, particularly new ones. In
recent years there has also been an increased interest in sea-
water space cooling, especially for seaside hotels, operating
only during the summer.
Despite the signiﬁcant increase in the interest in, and the
number of GSHP system installations during the past few
years, the main obstacles to the dissemination of geother-
mal systems in Greek buildings are the lack of relevant
information, the lack of state support, and restrictions on
free land, which apply to urban environments. Additional
obstacles are the ﬁnancial and economic crisis of the past
ﬁve years and the stagnation of the construction sector,
which have slowed down a greater market penetration of
GSHPs. During the past few years GSHP systems have
also faced competition from natural gas and air-to-water
heat pumps, which are more economically attractive.
3.3. Biomass energy applications
Wood and wood waste are traditionally an important
source of fuel for heating buildings in Greece. In the coun-
tryside and particularly in small communities that are
located near sources of timber, a large percentage of house-
holds is heated with ﬁrewood. Moreover, in these places,
ﬁrewood is used for other energy-consuming household
chores, such as cooking and water heating (Michopoulos
et al., 2014). The most common timber for ﬁrewood is
oak, olive and beech, depending on the region and the
availability. The burning of wood in ﬁreplaces or stoves
also serves as a means of heating in many residential build-
ings in urban areas. It is noteworthy that a ﬁreplace is con-
sidered a luxurious accessory and is usually found in larger
urban houses and apartments to “decorate” the living
room. In apartments with a ﬁreplace or wood stove, the
latter supports the basic heating system, which is usually
a two-way oil- or gas-ﬁred central heating system, the most
common means of heating buildings in Greece
(Papamanolis, 2006). More rarely, more advanced biomass
heating systems can be found in Greek buildings, in special
boilers for heating water that is either used for heating the
interior of the respective building through a central heating
system or is used directly.
The tendency to use ﬁrewood for heating has been
declining in Greece since the early 1990s primarily because
of the change in the way buildings are heated in the coun-
tryside. This trend appears to have been checked in recent
years when the economic crisis that has aﬀected the coun-
try, combined with increased prices and taxes imposed on
alternative fuels, particularly oil and natural gas, has
caused citizens to turn to more economical solutions
(Zafeiriou et al., 2011). In 2012, the year with the highest
recorded level of biomass energy consumption, 41,116 TJ
of energy from the burning of wood and wood waste was
consumed by the building sector, mainly to serve heating
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consumption for the year 2008 (27,816 TJ), represents an
increase of 47.8% (Eurostat, 2015b). An important reason
for this increase was the decision by the government to
bring the excise duty on heating fuel into line with that
of fuel oil. This meant that the cost of one ton of heating
fuel shot up from 800–900 € in the winter of 2011–2012
to 1500–1600 € in the winter of 2012–2013. This led to a
very signiﬁcant increase in heating costs (it should be noted
that a house of 120 m2 needs an average of two tons of
heating oil in the winter in Greece). Suddenly, at the begin-
ning of the winter of 2012–2013, consumers began to dis-
play a marked preference for ﬁrewood as a heating fuel.
Many citizens bought wood-burning stoves and numerous
ﬁreplaces were constructed in existing buildings. At the
same time there was a dramatic increase in the demand
for and consumption of ﬁrewood, which had the following
negative consequences
– Firewood prices increased by approx. 50% (from 100 €
to 150 € a ton).
– Firewood imports multiplied. According to press
reports, imports of ﬁrewood from Bulgaria reached the
point where they covered over 50% of domestic needs
(GR Reporter, 2012).
– There was an increase in the number of cases of illegal
cutting and trade of ﬁrewood (ILP, 2014).
– Serious atmospheric pollution problems were caused in
large urban centres, as well as pollution problems in
the interiors of buildings burning ﬁrewood for heating.
In Athens and other cities (Thessaloniki, Patras,
Herakleion and Yannina) the readings for the atmo-
spheric concentrations of suspended PM-10 and
PM-2.5 particles were as high as three times the
accepted limit, while there were also high concentra-
tions of particles and other pollutants in enclosed
spaces (NOA, 2013; Florou et al., 2013; Saﬀari et al.,
2013).
This tendency continued in the winter of 2013–2014,
with successive air pollution episodes mainly in the large
urban centres and, in response, recommendations by the
competent authorities to reduce the number of ﬁres lit in
domestic ﬁreplaces. In order to deal with this problem, in
January 2014 a Joint Ministerial Decision was issued stip-
ulating that in cases where the limits for concentrations of
suspended PM-10 particulates were exceeded, and for as
long as the limits continued to be exceeded, a discount of
70% would be granted on the cost of domestic electricity
as an incentive for people to use electricity in order to heat
buildings (Hellenic Gov., 2014). The eﬀectiveness of this
measure has yet to be fully evaluated. However, it is likely
that, in conjunction with the relatively mild winter of 2013–
2014 in many parts of the country, the measure played a
part in the decline in the consumption of biomass that
occurred in 2013.4. Conclusions
The implementation in Greece of the new framework of
interventions (legislative and other measures) concerning
the energy performance of buildings has unfortunately
coincided with a deep economic recession that has had,
and continues to have, a major impact on the building con-
struction sector. As a result, the support for renewable
energy applications and utilisation of climatic conditions
in buildings that this framework aims to provide has been
inhibited by the fact that the rate of construction of new
buildings and repair of existing ones has fallen drastically.
Nevertheless, the statistics show an upward trend in
renewable energy uses in buildings in the country during
the period of application of the measures. This trend,
which is mainly a result of the continuous increase that
occurred up until 2012, has been curbed by the decline that
has taken place since 2013. A large part of this growth,
stemming from biomass and more particularly from the
burning of ﬁrewood to heat buildings during the cold sea-
son, is not very “healthy”: it is linked to the phenomena of
illegal logging and rising pollution in urban centres. On the
other hand, indications of growth trends in solar energy
applications are welcome, although they have yet to sta-
bilise. Finally, geothermal applications remain at low
levels, regardless of their tendency.
The positive aspects of the picture presented by these
statistics, in accordance with which Greece has maintained
– and in some cases improved – its satisfactory ranking
among the EU countries with regard to the level of renew-
able energy applications in buildings, justify the measures
that have been taken by the State. It is very likely that with-
out these measures, the respective applications would have
failed to make any progress at all. Even the factors that
may be responsible for the decline that has occurred since
2013 in the consumption of energy from certain forms of
RES (market saturation of rooftop pv and measures
restricting the burning of biomass) do not conﬂict with this
ﬁnding. At the same time – and this is also very important –
it seems that the positive image is partly due to the fact that
the Greeks, under the pressure of the economic recession
and also of the constraints imposed by the new legislation,
understand and are more sensitive to the issues of energy
eﬃciency in their buildings and the value of renewable
energy applications as a means of improving that eﬃciency.
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